Cronobacter spp. (Enterobacter sakazakii) is an opportunistic pathogen belonging to the Enterobacteriaceae family that was initially known as yellow-pigmented Enterobacter cloacae and reclassified based on biochemical characteristics, DNA-DNA hybridization, and antibiotic susceptibility patterns in 1980 [5, 18] . Cronobacter spp. infection, which causes life-threatening meningitis, septicemia, and necrotizing enterocolitis in infants, has been implicated in foodborne outbreaks worldwide [17, 22] . The pathogen has been isolated from a variety of food, clinical, and environmental sources including cheese, vegetables, grains, soil, and powdered infant formula (PIF) [6, 16, 20] . Cronobacter spp. survive dry and osmotic environments [3] and the PIF is contaminated from the processing facilities after pasteurization [4] . In Korea, Cronobacter spp. were also isolated from 3 of 45 PIF samples [23] , and had contaminated tomato and brown rice used as ingredients for infant foods [12] . Although the mode of transmission of Cronobacter spp. has not been clearly identified, infant foods may serve as a vehicle for foodborne transmission. Most reports conducted to date have been greatly concerned with the presence of the foodborne pathogens in infant foods including PIF [2] . To reduce the risk of Cronobacter spp. in infant foods, new regulations requiring the absence of Cronobacter spp. in 30 samples of every lot were implemented in Europe in 2005 (http://eurlex.europa.eu). Korean regulations requiring the absence of Cronobacter spp. in infant foods were implemented in 2007 [15] .
Cronobacter spp. strains have been separated into several genetic groups and 16 biogroups [7, 9] . Recently, it was suggested that E. sakazakii be reclassified as Cronobacter spp. such as Cronobacter sakazakii, Cronobacter malonaticus, Cronobacter turicensis, Cronobacter dublinensis, and Cronobacter muytjensii, based on the results of biochemical differentiation, 16S rRNA gene sequence analysis, and DNA-DNA hybridization [10, 11] . These results seem to support previous studies that have initially found Cronobacter *Corresponding author Phone: +82-33-250-6457; Fax: +82-33-241-0508; E-mail: deoghwa@kangwon.ac.kr spp. to consist of 15 different biogroups based on the diversity of biochemical and genetic characterization [5] . Therefore, it is necessary to evaluate the biochemical and phylogenetic differentiation of Korean isolates of Cronobacter spp. isolated from clinics, food, and the environment, and estimate the pathogenicity of each biogroup. The aims of this study were to investigate the phenotypic and genotypic differentiation of Korean isolates of Cronobacter spp. and evaluate the pathogenicity of each biogroup.
MATERIALS AND METHODS

Bacterial Strains
A total of 43 stocked Cronobacter spp. including 5 clinical, 34 food, and 2 environmental isolates, and 2 reference strains (C. sakazakii ATCC 29004 and C. muytjensii ATCC 51329) were evaluated in this study. The 5 clinical isolates were from human feces (GIHE 1~4; Gyeonggi-do Research Institute of Health and Environment, Korea) and diseased part of tympanitis (GIHE 5). The 34 food isolates were from Sunsik products and its ingredients. The 2 environmental isolates were from soil. All isolates were stored at -70 o C in tryptone soy broth (TSB; Difco, Detroit, MI, USA) with 0.6% yeast extract (Difco) containing 20% glycerol (Difco). All isolates were reactivated by transferring 0.1 ml of the stock culture into 10 ml of TSB and then incubating at 37 o C for 24 h. The cultures were streaked onto Druggan-Forsythe-Iversen (DFI; Oxoid, Ltd., Basingstoke, UK) medium and incubated at 37 o C for 24 h. Colonies exhibiting a blue-green color during culture on DFI medium were selected for culture on tryptone soy agar (TSA; Difco) at 37 o C for 72 h [8] . The colony developing a yellow pigment during culture on TSA [21] was reconfirmed using the Vitek II system with GNI card (bioMèrieix Inc., Marcy l'Etoile, France) and then recultured for 16S rRNA gene amplification and the biochemical testing.
Phenotypic Characterization
Biochemical tests were conducted using conventional manual methods and commercial biochemical kits (ID32E and API 20E, bioMèrieix Inc.). The Voges-Proskauer test was conducted by adding VP1 and VP2 (bioMèrieix Inc.) to Methyl Red Voges-Proskauer Broth (MR-VP; Merck, Darmstadt, Germany) after being cultured at 37 o C for 24 h. The Methyl Red test was determined by addition of indicator (0.1 g methyl red per 300 ml of 95% ethanol) to MR-VP Broth cultured at 37 o C for 24 h. The reduction of nitrate to nitrite was measured by the addition of NIT1 and NIT2 reagents (bioMèrieix Inc.) to nitrate broth (Difco) cultured at 37 o C for 24 h. Motility was determined at 37 o C for 48 h using motility test medium (Difco). Acid production from carbohydrates such as myo-inositol, dulcitol, and methyl-α-D-glucopyranoside was tested in purple broth base (Difco) added to each carbohydrate solution at a final concentration 0.5%. Indole production was tested by the addition of James Reagent (bioMèrieix Inc.) to peptone water (Difco) culture incubated at 37 o C for 24 h. Malonate utilization was evaluated by culturing the organism in sodium malonate broth (Sigma-Aldrich, St. Louis, MO, USA). Gas production from D-glucose was tested based on the formation of gas bubbles in Durham tubes. All strains were also tested with commercial biochemical kits (ID32E and API 20E; bioMèrieix Inc.) for ornithine utilization. All biochemical kits were used according to the manufacturer's instructions.
Genotypic Characterization 16S rRNA gene partial sequencing was conducted using a modified Sanger method [7, 19] . All isolates were grown on TSB at 37 o C for 24 h, after which 1 ml was centrifuged at 13,000 ×g for 10 min. The pellet was then washed with 1 ml of sterile distilled water and suspended in 500 µl of sterile distilled water. The cell suspension was boiled for 10 min. After centrifugation at 13,000 ×g for 10 min at 4 o C, the supernatants were used as templates for PCR. To analyze the 16S rRNA gene partial sequence, the strains were amplified by PCR using primers P0 (5'-AGA GTT TGA TCC TGG CTC AG-3') and P6 (5'-GTA CGG CTA CCT TGT TAC GA-3') [10] . PCR amplification was performed in reaction mixtures with a final volume of 50 µl that contained 10 mM Tris-HCl, 1.5 mM MgCl 2 , 40 mM KCl, 0.001% gelatin, 250 µM dNTP, 30 pM of each primer, 1 U Taq polymerase (Takara Taq, Otsu, Japan), and 10 µl of template DNA. PCR was conducted by subjecting the mixture to the following conditions using a Gene Amp PCR System 9600 (Perkin-Elmer Centus Corp., Foster City, CA, USA): initial denaturation for 3 min at 95 The PCR products were sequenced by the modified Sanger method using a Big-dye kit (Applied Biosystems, Foster City, CA, USA) and an ABI 3730xl capillary DNA analyzer (Applied Biosystems). A maximum parsimony tree of 16S rRNA gene sequences was developed and analyzed using the Bionumerics software package (version 4.6; Applied Maths, Kortrijk, Belgium). Gaps were not considered an extra state and the topology was optimized using simulated annealing.
RESULTS AND DISCUSSION
Biogroups
The biochemical profiles achieved for all isolates including the reference strains were compared with the biogroups originally described by Farmer et al. [5] . All isolates were divided into 11 biogroups evaluated by the biochemical tests (Tables 1 and 2 ). Biogroup 1 contained the majority of isolates (n=15), and all isolates in this group were VogesProskauer and ornithine decarboxylase positive. Additionally, these isolates were motile, reduced nitrate, produced gas from D-glucose, and produced acid from myo-inositol, dulcitol, and methyl-α-D-glucopyranoside. Biogroup 2 was negative for acid production from inositol (n=11). Biogroup 3 was nonmotile and only contained the C. sakazakii ATCC 29004 reference strain. Biogroup 4 was represented by only one isolate, which was negative for ornithine decarboxylase, and Biogroup 5 was positive for malonate utilization (n=5). Biogroup 6 was positive for indole (n=2) and Biogroup 9 (inositol negative) contained two isolates. Biogroup 10 (n=2) was inositol negative and indole positive. Biogroup 11 was represented by only one isolate that was inositol negative and dulcitol positive. Biogroup 12 was indole and malonate positive (n=2). Biogroup 15 only contained the C. muytjensii ATCC 51329 reference strain, which was positive for all tests except methyl red. When the species were defined by Farmer et al. [5] , 15 biogroups of Cronobacter spp. were described according to the biochemical profiles, and Biogroup 16, a new biogroup, was defined by Iversen et al. [9] . Recently, it has been suggested that E. sakazakii should be reclassified as Cronobacter spp. based on biochemical differentiation [10, 11] . C. sakazakii (Biogroups 1, 2, 3, 4, and 11) contained 29 isolates including 4 clinical, 24 food, and 1 reference strain (C. sakazakii ATCC 29004). C. malonaticus (Biogroups 5 and 9) contained 7 isolates including 1 clinical, 5 food, and 1 environmental isolate. C. dublinensis (Biogroups 6, 10, and 12) contained 6 isolates including 5 food and 1 environmental isolate. C. muytjensii (Biogroup 15) only contained the C. muytjensii ATCC 51329 reference strain. In the present study, all isolates including the reference strain were divided into 11 biogroups, which was in agreement with the results of previous studies [5, 9] , and Korean isolates of Cronobacter spp. tested in this study were found to express a variety of biochemical characteristics. Biogroups 1 and 2 contained the majority of the strains (n=26), and C. sakazakii (n=29) was the most frequent strain among Cronobacter spp. C; Ino, acid production from inositol; Dul, acid production from dulcitol; Ind, indole production; Malo, malonate utilization; Gas, gas production from glucose; Glu, acid production from α-methyl-Dglucopyranoside. The clinical isolates were isolated from human feces (GIHE 1~4; Gyeonggi-do Research Institute of Health and Environment) and from the diseased part of tympanitis (GIHE 5).
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The food isolates were isolated from Sunsik products and its ingredients. The environmental isolates were isolated from soil.
d
Five clinical isolates tested in this study belonged to three biogroups according to biochemical differentiation (Tables 1 and 2 ). Biogroup 1 contained C. sakazakii GIHE (Gyeonggi-do Research Institute of Health and Environment) 1, 2, and 5, which were isolated from a 3-month-old baby who exhibited symptoms of gastroenteritis and meningitis, a 20-day-old baby who presented with sepsis and meningitis, and a 5-year-old boy who did not show any significant symptoms, respectively [13] . Biogroup 2 consisted of C. sakazakii GIHE 4 isolated from a 72-year-old male, and Biogroup 9 contained C. malonaticus GIHE 3 isolated from a 64-year-old male, neither of whom exhibited significant symptoms. These results indicated that Biogroup 1, C. sakazakii, is more prevalent and may be a more pathogenic biogroup than the other biogroups, but the pathogenic biogroup was not represented clearly among the 11 biogroups. Thus, all biogroups of Cronobacter spp. were recognized as pathogenic bacteria, and the absence of Cronobacter spp. in infant foods should be constantly regulated to prevent food poisoning and infection caused by Cronobacter spp.
Phylogenetic Analysis
The partial 16S rRNA gene sequences (>1,017 bases) were analyzed using the maximum parsimony method; however, four isolates (GIHE 19, 21, 29, and C. sakazakii ATCC 29004) were excluded from these analyses because the recovered 16S rRNA sequences were too short (<500 bases). The 16S rRNA gene is highly conserved and ubiquitous, and the gene is widely used for sequence analysis to differentiate species [14] . The maximum parsimony method is a simple and popular technique for construction of phylogenetic trees. This method is an evolutionary model that uses the fewest inferred changes between characters [1, 9] . In the present study, 39 isolates, including a reference strain, were divided into 3 genomic groups by 16S rRNA gene sequence analysis (Fig. 1 ). 16S rRNA cluster 1 contained Biogroups 1, 2, 4, 5, 9, and 11 originally defined by Farmer III et al. [5] . The majority of the strains used in this study were contained in this cluster (n=34). 16S rRNA cluster 2 included Biogroups 10 and 12 (n=4), and 16S rRNA cluster 3 was composed of Biogroup 15, which only included C. muytjensii ATCC 51329 (Table 3) . C. sakazakii and C. malonaticus were present in 16S rRNA cluster 1. C. dublinensis and C. muytjensii were present in 16S rRNA clusters 2 and 3, respectively. These findings were in agreement with those of a previous report in which Cronobacter spp. were divided into four genomic groups by 16S rRNA gene sequence analysis and each 16S rRNA cluster contained the same biogroups [9] . Korean isolates of Cronobacter spp. including the reference strain showed three genomic groups and clinical strains that were present in 16S rRNA Gaps were not considered an extra state, and the topology was optimized using simulated annealing.
THE PHENOTYPIC AND GENOTYPIC DIFFERENTIATION OF CRONOBACTER SPP. 513 cluster 1. These results revealed that 16S rRNA cluster 1 is the more prevalent and pathogenic cluster among Korean isolates of Cronobacter spp., because all clinical isolates, especially GIHE1 and 2, which were isolated from babies exhibiting symptoms of gastroenteritis, sepsis, and meningitis, were contained in this cluster. Thus, the 16S rRNA cluster 1 of Cronobacter spp. was handled with more care than the other clusters. In conclusion, Korean isolates of Cronobacter spp. including the reference strains were divided into 11 biogroups according to the biochemical profiles, and 3 genomic groups based on the 16S rRNA gene sequence analysis. Korean isolates of Cronobacter spp. showed diverse biochemical profiles. Biogroups 1 and 2 contained the majority of the strains (n=26), and most of these fell into 16S rRNA cluster 1 (n=34). Biogroup 1, C sakazakii, may be more prevalent than other biogroups, but the pathogenic biogroup was not clearly represented among the 11 biogroups. Thus, all biogroups of Cronobacter spp. were recognized as pathogenic bacteria, and the absence of Cronobacter spp. in infant foods should be constantly regulated to prevent food poisoning and infection caused by Cronobacter spp.
